Summary: An improved method is described for the determination of oestriol concentrations in urines of pregnant women.
Introduction
The plasma and urinary oestriol levels have proved to be the most useful tests for foeto-placental function (1).
Many methods have been developed for the determination of urinary oestriol levels. In most methods total oestrogens are determined by formation νΐ Kober chromogens, relying on the observation that oestriol is the most important component of the oestrogens in pregnancy urine (2) . In more specific determinations the formed Kober chromogens are extracted in organic Z. Klin. Chem. Klin. Biochem. / 13. Jahrg. 1975 / Heft 9 solvents followed by fluorimetric estimation (3, 4) . Specific determinations of oestriol have also been developed, e.g. formation of Kober chromogens after gelfiltration (5), gas-liquid chromatography (6) and thin layer chromatography (7) .
In the method of Dvir (7) a quite different way of detection was applied. Oestriol was estimated in a fluorescence spectrophotometer as 1-dimethylaminonaphthalene-5-sulphonyloestriol(DANSYLoestriol). By choosing this method for our routine investigations we hoped to avoid all the problems, accompanying the van Bezeij and Bosch: Fluorimetric detennination of oestriol in pregnancy formation and estimation ofKober chromogens. However because of bad separation results and tailing during the thin layer chromatography, the method needed modification. In his review of the methods for the determination of oestrogens in urines -most of them are based on the Kober reaction -Runnebawn (8) describes an accuracy factor for oestriol of 54-85% for the best of these methods. In neither of these methods, nor in the methods mentioned above (2-7) were oestriolglucuronides used for accuracy tests.
As the determination of the recoveries of oestriolglucuronides is the only way of testing the reliability of a method -the urinary oestrogens exist during pregnancy as 95% of oestriol-16-glucuronide -we examined these recoveries for the method described in this paper.
AsRunnebawn (8) mentions, every method has its own normal values. Accuracy values differ from method to method. The loss of oestriol is not .considered in the calculation of these normal values. Therefore mean values and 95% probability bounds, obtained with the thin layer Chromatographie method, for the last three months of pregnancy are given.
Materials and Methods
Aldrich Europe, Beerse, Belgium. It should be stored at 5 °C.
Because this compound appears to be unstable in air exposure to the air should be as short as possible. A solution of 2 g/1 in acetone was made. 2. Buffer solution (pH 10.5) was prepared by mixing 100 ml sodium bicarbonate (80 g/1) with approximately 15 ml sodium hydroxide (5 mol/1) and adjusting the pH exactly (using a pH meter) with sodium hydroxide.· A one to ten dilution of the buffer is used. 
Subjects
Twenty four hour urine collections were made seven days a week by hospitalised and non hospitalised patients. As urine collection is difficult even in hospital, special attention was paid to the reliability of the collection. For the calculation of "normal values" patients were accepted if they had a regular spontaneous menstruation before pregnancy and were certain of the last date of menstruation. Diabetic patients and patients who showed hypertension (more than 140/90 mm Hg) were not accepted as normal. Only if the child's weight was classified as normal according to the scale of Thomson (9) and the baby was in good condition was the case accepted as normal. 79 of the 184 researched patients fitted these criteria. The average weekly values were used for the calculation of "normal values". For the estimation of the correlation between birth weight and highest oestriol value (average weekly value) there was no restriction for acceptance if the child was in good health after birth. Five cases of women who suffered intrauterine foetal death are presented. Two patients are selected to show the patient-dependent day to day variation. Patient A was hospitalised on indication of hypertension; a slight glucose intolerance was developed during pregnancy; and the patient's child was born at 38 weeks with a weight of 3280 g. There is no explanation for the day to day variation. Patient B was hospitalised on indication of hydramnion, hypertension, oedema and very strong discongruence between placenta function (oxytocinase and human phacental lactotropin) and urinary oestriol. At 36 weeks hydramnion increased strongly. At 38 weeks twins were born, one of which was anencephalic. The other was a normal child of 2200 g.
This patient showed only very little day to day variation.
Methods
Probably because of the salt content of the applied extract in the Dvir (7) method, the mobile phase did not easily move through the applied spot, and one sometimes found the spot surrounded by but not sufficiently wetted by the mobile phase. This effect produces severe distortions in the solvent-solute front. The final procedure is as follows: From 24 hour specimens 2 ml were diluted with distilled water to 12 ml. As a standard 800 μΐ of the oestriol solution (80 jig oestriol) were diluted to 12 ml with water. After adding 5 ml of concentrated hydrochloric acid and boiling under reflux for 30 minutes the mixtures were extracted with 50 ml of diethylether. The ether phases were washed with 8 ml of sodium bicarbonate solution (80 g/1), followed by 10 ml of distilled water. The ether extracts were dried over anhydrous sodium sulphate. 25 ml of the extracts were evaporated to dryness in a waterbath at 60 °C. The residues were dissolved in 400 μΐ of buffer solution pH 10.5. 400 μΐ of DANS YLchloride solution were added. After mixing during 20 seconds the mixtures were allowed to stand at room temperature for 15 minutes and placed in a waterbath (85 °C) for 20 minutes. After cooling, 3 ml 0.5 mol/1 sodium hydroxide solution and 6 ml diethylether were added. After mixing for 20 seconds, using a Vortes mixer, the water phase was removed by suction. The ether phase was dried on anhydrous sodium sulphate. 3 ml of the ether phase was evaporated to dryness in a water bath (60 °C). The residue was dissolved in 250 μΐ of chloroform, 20 μΐ of the chloroform solution was spotted on the silica gel sheets, then activated by heating for 30 minutes at 120 °C. After chromatography over 15 cm, performed with a mixture of benzene and ethanol (85 : 15), as suggested by Keller 1 ), the spots of DANSYLoestriol were visualised by ultraviolet light. The spots were cut out and eluted with 3 nil methanol. The fluorescence intensities were measured in a fluorescence spectrophotometer (exciter 346 nm, analyser 525 nm).
Results

Specificity
None of the other urine compounds influence the formation of the DANSYLderivates, since recoveries of the oestrioMo-glucuronide from water and urines show no difference (tab. 1). Oxosteroids (aetiocholanolone, androsterone, 11-hydroxyaetiocholanolone, 11-hydroxyandrosterone and dehydroepiandrosterone) at concentrations of 100 mg/1 were added to the urines. They have no influence at all. Pregnanediol, in the same concentration, also had no influence.
Reproducibility
The reproducibility was examined by analysing four freeze-dried pregnancy urines on different days (precision from day to day) and by analysing many urines in duplicate (precision in the series).Results are shown in tables 2 and 3.
Sensitivity
Dilutions of a pregnancy urine were made in duplicate. The oestriol levels were determined. Results are shown in figure 1 . The relation between dilution and oestriol level is linear. The lowest detectable concentration is 3 jumol/1 (calculated from duplicate determinations by estimation of the S yx of the standard line)
Recovery
The recoveries of added oestriol glucuronides to water and pregnancy urine were studied. The oestriol glucuronides studied were oestriol-30-(D-glucuronide), oestriol-16a-(j3-D-glucuronide) and oestriol-17|3-(/3-Dglucuronide). The experiments with the 3-and 17-glucuronides were made in duplicate.
As the 16-glucuronide is the most important of the three, more determinations with this glucuronide, added to water and pregnancy urines were made. There is no difference in the recoveries from water and those from urine. Results are shown in table 1.
Interpretation of the values
Mean values and standard deviations were calculated from the average values per week, obtained from 79 pregnant women. Results are shown in figure 2 .
The height of the measured urinary oestriol values before birth appeared to be dependent of the baby's weight. In figure 3 the regression line of this comparison is shown with the limits of 95% reliability. Using this figure, the weight the baby will minimally have at birth can be prognosticated.
In five cases very low urinary oestriol values corresponded with foetal death in utero. Specification of these cases is given in There existed an individual day to day variation in several cases, while other cases in the same period did not show this variation. The average weekly values however, hardly give a fluctuating pattern when they are plotted against the time. Figure 4 illustrates two cases. One with and one without a day to day variation.
Comparison with an absorptiometric method
With the method described at least 3-4 hours are required before the gynaecologist can have the results. Therefore we decided to look for another method for urgent cases. We chose a simple, commercial available method (Searle Diagnostics). This method is based on the formation ofKober chromogens after enzymatic hydrolysis. The reaction was carried out following the instruction manual. The colour was measured in a spectrophotometer at 514 nm. The Allen correction (9) was carried out. As a result of the comparison a regression line could be calculated: y = 4,87 + 0,77 χ (Ν = 79). The correlation coefficient is 0.86 (absorptiometric method y, thin layer Chromatographie method x).
Nevertheless the recovery of oestriol-16-glucuronide added to pregnancy urine was very disappointing (35%). The recovery of oestriol was 72%, which is in good accordance with the formula of the regression line (readings were made in duplicate).
Discussion
Many methods (2, 3, 4, 5) depend on the formation of Kober chromogens. A lot of substances have great influence on the formation of these chromogens and cause suppression of the colour formation and quenching of the fluorescence of these chromogens. These substances vary from day to day. The follow-up of the patient's values becomes difficult and the curves (urinary oestriol/ day) tend to have an individual character and cannot be compared with those of other patients. Absolute values can hardly be obtained. Individual day to day variation is not only due to the patient's fluctuation, but also to these influences. For this reason we chose, after using the method of Brombacher (4) for several years, the method described. None of the authors, mentioned above, give information of the recoveries of oestriol glucuronides. Normal values are given by only two of them (2.5) (without mentioning the way of selecting their patients).
Dvir's (7) method did not give in our hands the results we expected. By a better way of preparing the extracts and the use of a different mobile phase we achieved good separation of the DANSYLoestriol and we avoided tailing in this important part of the chromatogram. By using Alufolien quantitative elution of the spot is no problem.
In our method we found good recoveries from pregnancy urines for the oestriol-16-glucuronide (94% Glucose has influence on the acid hydrolysis. However it can be removed by yeast.
Medicaments do not interfere with the determination. Dydrogesterone, for example, which is frequently used in our clinic gives a blue fluorescing spot separated from the ocstrogens.
The method has one disadvantage. The analysis of one specimen requires a time of at least 3 hours. As hydrolysis and extraction need time, greater series require more time before the results are known. Chromatography is the most time consuming step. For this reason we compared the method with the quick method, based on the formation of Kober chromogens. The results of the comparison showed that the Chromatographie method should be preferred in spite of the time consumption. The differences in the values obtained in these two methods tended, as expected, to be patient-dependent. The recovery of oestriol-16-glucuronide was low in the absorptiometric method.
In conclusion, it can be said after two years of routine analysis of urinary oestriol by this means, that the method proved to be reliable and accurate, and without problems. It needs no expensive apparatus. Thin layer chromatography, as a basic step for purification and separation makes the method highly specific and has almost no limitation in the number of analyses for one day.
